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Abstract: We discuss current developments in biomimetic flow-sensors based on mechano-sensor as found 
e.g. on crickets and in the lateral line sensors of fish. Arrays of micromechanical acoustic-sensitive hair-sensors 
consisting of up to 1 mm long SU-8 hairs mounted on membranes forming variable capacitors for read-out are 
described. These sensors display great versatility by their arrayed nature, adaptivity and potential benefit of 
noise. 
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Sensory systems in biology are among the most 
sensitive and evolved known to man. In comparing 
biological and engineered systems for similar 
functions one often finds striking differences in 
implementation with respect to engineered 
systems. E.g. examples of how biological systems 
benefit from noise are seen in the form of 
stochastic resonance and amplification [1] as 
observed in crickets [2] and crayfish [3]). 
Crickets have achieved acoustic sensing in one 
form by evolving sensitive mechanoreceptive 
sensory hairs. These so called filiform hairs are 
highly perceptive to low-frequency sound with 
energy sensitivities below thermal threshold [4]. 
The sensory hairs of the cricket are situated on the 
back of the cricket’s body on appendices called 
cerci. The hairs vary in length up to around 1 mm, 
with a bimodal distribution with concentrations 
around 150 μm and 750 μm [5]. Each hair is lodged 
in a socket, guiding the hair to move in a preferred 
direction. The hair is held in its socket by an elastic 
material surrounding the base. Airflow causes a 
neuron to fire, by rotation of the hair base (figure 1). 
The cricket is able to pinpoint low-frequency sound 
from any given direction using the combined neural 
information of all sensory hairs. 
 
Figure 1: Total response of a hair consisting of a 
frequency dependent drag-torque and second order 
mechanical response. 
Filiform hairs can be described as an inverted 
pendulum, a second order mechanical system, fully 
determined by a torsional spring constant S, the 
moment of inertia of the hair J and a torsional 
resistance R [6]. 
 
The drag-torque shows a high-pass frequency 
response to the free-stream velocity, with drag-
torques up to 2·10-12 Nm (Lh=1 mm, V0=1 mm/s). 
The total response, including the mechanical 
transfer function of the sensor, shows a band-pass 
behaviour with angular amplitudes up to about 1 
mrad for a typical MEMS hair-sensor implemen-
tation. 
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Figure 2. Condensed process flow of the sensors. 
In this work hair-sensors are fabricated by a combi-
nation of a sacrificial poly-silicon technology, to 
form silicon-nitride suspended membranes, and 
SU-8 polymer processing for hair fabrication. A 
condensed fabrication scheme is shown in fig 2. 
 
Characterisation of arrays of 470 μm long hairs on 
flat surfaces with acoustic flows was done employ-
ing capacitive amplitude modulation of two 1 MHz 
electrical signals [7]. A differential-mode rotational 
signal is acquired when the electrical signals are 
taken 180º out of phase (fig 7). The AM signal from 
the sensor is amplified and demodulated, by the 
charge amplifier and synchronous detector. The 
resulting signal is fed to a lock-in amplifier, which is 
used to lock-in on the frequency of the LF signal 
source. 
 
Figure 3. Array of hairs of double spun and double 
exposed SU-8 layers on ‘artificial cercus’. 
 Hair-length is about 1 mm. 
A flow source, a loudspeaker combined with a tube, 
was used to determine the frequency response 
measured with the artificial sensory hairs, applying 
a differential-mode measurement. A reference 
microflown [8] was used for comparison. Both 
measurements were normalised to the amplitude 
obtained at 41 Hz.  
 
Directional flow-sensitivity measurements have 
been carried using a stepper-motor for rotation, and 
flow amplitudes in the range 0.1-1 m⋅s-1. The 
amplitude of the output of the sensor displays a 
figure of eight showing the sensors expected 
directional sensitivity 
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Figure 4: Response hair sensors to applied flow  
Like for the crickets, MEMS hair-sensors benefit 
from placement on a cylinder (-like) structure (fig 3) 
since flow velocities perpendicular to the flow direc-
tion are increased compared to parallel flow. 
Hairsensors may be fabricated using local varia-
bility in hairdiameter and/or torsional suspension to 
obtain localised frequency response in order to 
(partly) mimic cochlear functionality. Using multiple 
spin and exposure cycles for SU-8, arrays of 
dissimilar hairs showing variability in flow-sensitivity 
may be obtained. 
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Figure 5. Top: Frequency response of a spiral-
suspended hair sensor array. Bottom: directivity acoustic 
measurement on a spiral-suspended hair sensor array: 
amplitude versus φ 
Adaptation can be realised using DC biasing of the 
electrode structures to utilize effective stiffness 
weakening by electrostatic forces (fig 1). 
Hence, resonance frequency and sensitivity of the 
hairs may be adaptively changed to accommodate 
optimal signal reception. 
Since the capacitive structures are amenable to 
electrostatic actuation via the electrodes one can 
use additional AC signals at frequencies chosen at 
will. Voltage controlled actuation implies non-
linearity, since the electrostatic torque depends on 
the voltage as well as on the angle. 
Mixing of the electrostatic and acoustic signals may 
be utilised for parametric mixing in order to perform 
filtering and obtain selective gain [9]. 
 
In conclusion, we have presented versatile micro-
mechanical flow-sensors, based on the filliform-
hairs of crickets. 
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